Abstract. This paper proposes a new methodology in rational modeling of narrow band antenna. Through the analysis for the measured Z-parameter of the antenna via vector fitting method (VFM), the rational fraction polynomial can fit the Z-parameter accurately. By comparing the basic models with the polynomial, the rational model of the antenna and parameters can be derived. The model has high accuracy in characterizing the antenna, and plays a guiding role in narrow band antenna design.
Introduction
Narrow band antenna is a new type of antenna, which is gradually developed in the last 30 years. Compared with the common microwave antenna, narrow band antenna has the advantages of miniaturization, ease of integration, good directivity, etc. It has been widely used in Terahertz research [1] , Wireless Local Area Network (WLAN) research, Global Positioning System (GPS), etc.
In the design of the narrow band antenna, developing a rational model for the antenna is one of the most common and practical way to characterize the electromagnetic characteristics of the antenna [2] . In general, the rational model is closely related to the physics and geometry of the antenna, which can provide a good reference for the design of the antenna through simulating the parameters of the rational model [3] . There are two basic requirements to propose the rational model [4] .The first one is the impedance requirement: the input impedance Z in and admittances Y in of the rational model should be matched to those of the modeled antenna. The second is the radiated behavior requirement: the load resistor R L should be equal to the resistor of the antenna's radiation R rad . In order to meet the requirements, the numerical curve fitting is one of the most common ways to extract parameters in the development of the rational model [5] . However, the numerical fitting method has an assignable problem. It often has a large amount of computation and is difficult to converge and get stable solutions. This paper adopts a rational function approximation approach called vector-fitting [6, 7] to construct the rational model which have advantages in lower computation, better stability over traditional numerical simulation. Model parameters can be computed through the poles and residues of VF method results. Through using the vector fitting method to fit the measured data of the Z-parameters of the narrow band antenna, the reasonable rational model of narrow band antenna shown in Figure 1 can be established and all the model parameters can be extracted. 
Vector Fitting Method
Vector fitting method (VFM) is widely used in power system modeling for its superior fitting performance with few iterations and sufficient reliability. Besides, VFM can not only fitting using real poles to get smooth curves, but also complex poles to get syntonic curves. The process of VFM mentioned in this paper can be described as follow.
Firstly, given z(s) as a frequency response of the rational function approximation in VF.
(1) C k and a k are either real quantities or complex conjugate pairs, while h and d are real. The parameters can be abstracted using LS (least square) method, however, a k lies in denominator, make it a knotty nonlinear problem.
Then, use a rational function ( ) s σ act on z(s) to make it a rational function. ( ) s σ and ( ) z s were defined as the formula (2) and the formula (3) . ( ) σ s can be approximately equal to 1. In that case, the nonlinear problem (1) can be transformed into a linear problem (4) . Supposed that initial iteration point k a is already known, for every measured point S k , the linear function can be solved with LS method, and the ( ) σ s can be rewritten as the formula (5). 
The poles of Z(S) become equal to the zeros of ( ) σ s .Thus, by calculating the zeros of 
Rational Model of Narrow Band Antenna
In the paper, the following frequency response of the rational function approximation in VF is adopted to establish the rational model of narrow band antenna. In order to facilitate the modeling of the antenna and the extraction of parameters in next step, the polynomials (7) need to be pretreated. Reduce first two fractions to a common, meanwhile, make some adjustments to eliminate negative numbers in the molecule. The Z fit (s) can be rewritten as the formula (8). 
By analyzing the structure of (7) and (8), the rational model of narrow band antenna can be established as Figure 4 and its impedance expression can be computed in the polynomials (9). 
According to the correspondence of (8) and (9), all model parameters can be extracted as shown in Table 1 . 
Simulation and Validation
In order to verify the validity of this rational model for the narrow band antenna, the EM simulation of the rational model is compared with the measured S-parameter in both the magnitude and the phase respectively shown in the Figure 5 and Figure 6 . In the whole range of the frequency (from 6.3 to7 GHz), the rational model has high accuracy in characterizing the antenna. From the error plot shown in the Figure 7 , the errors of both the real and imaginary parts are under the -30dB. The comparison results show that the rational model agree very well. 
Conclusions
This paper introduces a new rational model of the narrow band antenna with parameter extraction based on vector fitting. By using the VF method to fit the measured results, based on the rational fraction polynomial to describe the characteristics of the antenna, the rational model can be established and the related parameters can be extracted. This model has high accuracy in featuring the frequency-dependent characteristics of the narrow band antenna. The methodology of modeling can be effectively used in high-precision modeling of antenna.
